The structure of sputtered amorphous Ge 2 Sb 2 Te 5 was investigated by high energy X-ray diffraction, neutron diffraction and Ge-, Sb-and Te K-edge EXAFS measurements. The five datasets were modelled simultaneously in the framework of the reverse Monte Carlo simulation technique. It was found that apart from Te-Sb and Te-Ge bonds existing in the crystalline phases Ge-Ge and Sb-Ge bonding is also significant in sputtered amorphous Ge 2 Sb 2 Te 5 . According to our results all components obey the '8-N' rule.
Introduction
Since the first report on laser induced phase change in telluride films, which is based on the rapid and reversible change between the crystalline and glassy states [1] , their physical properties (reflectivity, resistance, density, phase transition kinetics) have been intensely investigated [2] [3] [4] [5] . Despite the technological importance relatively little is known about the atomic level structure in the amorphous and liquid states of phase change alloys. This is due to the fact that the number of parameters describing the short range order of a disordered system (bond lengths and coordination numbers) rises steeply with the number of components.
The Ge 2 Sb 2 Te 5 alloy is used in digital versatile disc random access memory (DVD-RAM) as the recording medium due to its featuring characteristics -large reflectivity changes, short amorphization and crystallization time. The structure of amorphous Ge 2 Sb 2 Te 5 is often described in terms of some characteristic units or building blocks. Such pictures can be very useful for simpler glasses where available experimental evidence allows for a detailed structural description but can be misleading if they are applied instead of setting up consistent models.
Kolobov et al suggested [6] that the amorphization of Ge 2 Sb 2 Te 5 is accompanied by the jump of Ge atoms from octahedral to tetrahedral positions. Thus basic motifs of the amorphous structure are the GeTe 4/2 tetrahedra. Though this model is appealing in its simplicity some objections should be made here:
i)
The model proposed in ref. [6] EXAFS is element specific and gives accurate bond lengths but the uncertainty of the coordination numbers obtained by this technique is still relatively large. Diffraction data do not give strongly element specific information but due to the more precise normalization it may provide more accurate (neutron-or Xray weighted) average coordination numbers. It can be expected that a model consistent simultaneously with both diffraction and EXAFS measurements will incorporate the advantages of these techniques. In other words it is possible to obtain element specific information due to EXAFS data while the uncertainty of coordination numbers and the possible correlations between variables deduced from an EXAFS fitting procedure is reduced by diffraction data. The number and accuracy of parameters that can be obtained from experimental data largely determines the reliability of modelling. The spatial resolution of diffraction data is discussed in detail in [12] . The extension to EXAFS and the estimation of the number of free fitting parameters is straightforward [13] .
For this reason the five measurements are modelled simultaneously in the framework of the reverse Monte Carlo (RMC) simulation technique [14] [15] [16] . This method has two main advantages. First, several datasets can be fitted by one three dimensional model ensuring the internal consistency of results. The second advantage is that chemical knowledge can also be incorporated in the models in the form of coordination constraints. RMC is used mostly to fit diffraction data but there are several studies on EXAFS measurements as well [17] [18] [19] .
Experimental
The investigated samples were prepared using DC magnetron sputtering. A thin film of thickness between one and three micrometers was sputtered on a Si-wafer coated with PMMA. The amorphous material was removed from the substrate by dissolving PMMA in acetone. Finally the flakes obtained were ground to a fine powder.
The X-ray diffraction experiment was carried out at the BW5 high energy beamline at HASYLAB, DESY, Hamburg. The energy of the incident beam was 100 keV (λ = 0.125 Å). Scattered intensities were recorded by a Ge solid state detector. Raw data were corrected for background scattering, Compton scattering, polarization and variations of the detector solid angle [20] .
The neutron diffraction measurement was carried out at the 7C2 liquid and amorphous diffractometer (LLB, Saclay). The wavelength of the incident beam was 0.7 Å. About 600 mg of powdered Ge 2 Sb 2 Te 5 sample was filled into a vanadium sample holder with 5 mm diameter and 0.1 mm wall thickness. Measured data were corrected for background, scattering from the sample holder, multiple scattering and absorption of the sample following standard procedures. X-ray and neutron diffraction structure factors are shown in figure   1 .
EXAFS measurements were carried out at the X beamline of HASYLAB. Ground samples were mixed with polyethylene powder and pressed to tablets. Intensities were measured in transmission mode by ionization chambers filled with N 2 -Ar mixture. The pressure and Ar content of the mixture was adjusted to the energy of the edge. Experimentally measured X-ray absorption cross sections were analyzed using the program Viper [21] . Te-, Sb-and Ge K-edge EXAFS k 3 χ(k) curves are shown in figure 2.
Modelling
The reverse Monte Carlo simulation technique (RMC) is a robust and unsophisticated tool for generating large 3D models consistent with available structural information. For the simulation details we refer to two recent papers [15, 16] .
Simulations were carried out with a slightly modified version of the RMCA code [22] . The density was taken to be 0.0315 Å -3 [23] . 
Results and discussion
It is known that crystalline forms of Ge 2 Sb 2 Te 5 consist of two sublattices: Te atoms form one of them while
Ge and Sb atoms with vacancies share the other one [25] . Thus, in spite of the large difference in their size and bonding nature Ge and Sb play a similar role in the crystalline forms of Ge 2 Sb 2 Te 5 . However, it is not necessarily true for the amorphous phase where symmetry does not force chemically different atoms to occupy similar positions. More generally, it can also be assumed that unlike other amorphous materials (e.g. the existence of such motifs cannot be verified (only excluded) on the base of diffraction/EXAFS data.
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